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What’s the difference between primary, secondary, 

and college teachers?

 Their kids

 Their subject matter

 Themselves
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Context for Our Work

 NSF-funded Seeds of Science/Roots of Reading

Program

 Collaborators: UC-Berkeley’s Lawrence Hall of 

Science and Graduate School of Education

 Revision of GEMS units to integrate literacy with 

firsthand science

 Curriculum development and research





A caveat!!!

 These materials are available commerically

 NSF requires us to find a publisher for 

purposes of dissemination and uptake

 All royalties go back to LHS for future R&D; 

no individuals get a dime.

 But I need to be up front about that

 Nothing we do today absolutely requires the 

use of these particular materials

 It’s all about problem-based learning and 

integrated instruction. 5



Why integrate science and literacy?



•Benefits
•Pitfalls



What are some pitfalls?

 Texts eclipse students’ involvement in inquiry 

science

 Use of texts leads to science as declarations of fact 

(not scientific enterprise)

 Trade texts frequently include misinformaiton and 

promote misconceptions

 Science is too often memorization of words

 Science texts are too hard—not within students’ 

instructional reading levels

 Science takes time away from important literacy 

skills—literacy is essential; science is a luxury

7



Why integrate science and literacy?

 There are limits to learning from both text and 
experience

 Reading and writing (and langauge) are authentic to 
inquiry science

 Reading and writing best reside in a content area

 Congested curriculum: finding time in the day for 
science

 Evidence of mutual benefit





Agenda for Today

Introduce 3 Guiding Principles of Science-
Literacy Integration through answering these 
questions:

 How can science be used as a context for literacy 
learning?

 How can text be used to support rather than eclipse 
inquiry science?

 What goals for knowledge, skills & strategies are 
shared between science and literacy?





Model Instructional Sequence

 What is sand composed of? 

 Where does sand come from?

 How is sand formed?     
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Read About Beaches and Shorelines

11



Read About Beaches and Shorelines

 Sets context for investigation of sand

 Introduces important vocabulary and 

foundational concepts

 Shoreline is a place where water meets land

 There are shorelines all around the world

 A sandy beach is one kind of shoreline

 Beaches are covered with materials, such as 

sand or coral

 Provides opportunities for the development 

of powerful world knowledge

12



Investigate a Model Beach

13



Investigate a Model Beach & 

Discuss

 Learn about models

 Gather evidence about origin of beach objects

 Provides a context for the development of 

academic language: beach, shoreline, sand, 

coral, materials, minerals, observe, evidence, 

model 

14

Read-Investigate-Discuss



Investigate Composition of Sand
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Tools
•Sand 
cards/packets
•Magnifying 
glass
•Mineral Card



Investigate Composition of Sand

 Use tools to gather additional evidence about the 

composition of sand

 Observe sand and record observations: beach, 

shoreline, sand, coral, material, mineral, ocean, 

force, composition, observe, evidence, model, 

investigate, explain, record, tools

16

Read-Investigate-Discuss-Investigate-

Write



Investigate a Model of Sand Formation

17



Investigate a Model of Sand Formation

 Learn more about models

 Gather evidence about the formation of sand

 Begin to infer that sand is made of many of the 

things they found in their model beaches

 Use academic language in the context of 

investigations…mineral, force, ocean, 

investigate, explain

18

Read-Investigate-Discuss-Investigate-

Write-Investigate



Read to Inform Investigations
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Read







Blow up from Gary’s Sand Journal

23





Read to Inform Investigations

 Read a book (Gary’s Sand Journal) that 

models observation and recording

 Provides additional evidence about 

composition and formation of sand to inform 

investigations…scientist

25

Read-Investigate-Discuss-Investigate-

Write-Investigate-Read



Discuss Evidence and Explanations

26Mystery Sand



Discuss Evidence and Explanations

 Use information from investigations and text 

to make inferences about the age, origin, and 

formation of sand.

 Share evidence with others.

 Discuss a new sand, using all of the 

vocabulary they have learned and language 

of argumentation structures.

27

Read-Investigate-Discuss-Investigate-

Write-Investigate-Read-Discuss and 

Write



Guiding Principle 1: Engage students in 

firsthand and secondhand investigations to 

make sense of the natural world.

Experience Text





Provide Context

Support Firsthand Experiences

Roles of  Text in Inquiry Science



Model

Provide Secondhand Experiences with Data

Roles of  Text in Inquiry Science



Provide Content

Roles of  Text in Inquiry Science



Trade books

Setting Context





Delivering Content





Delivering Content





Modeling





Modeling





Support Secondhand 

Investigations



Supporting 
Secondhand 

Investigations





Support 

Firsthand 

Investigations



Support 

Firsthand 

Investigations





Textbook Examples
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Interview with chemist 

connects the students' 

work with mixtures and 

solutions to what 

chemists do

Providing Context



Modeling

A story about two 

students doing an 

investigation: models 

important aspects of 

the inquiry process like 

questioning, measuring 

carefully, etc.



Supporting Secondhand Inquiry

Data from 

the same 

investigation 

used as the 

"Modeling" 

example, for 

students to 

analyze and 

draw 

conclusions.



Supporting Firsthand Inquiry

A reference-book 

like page about 

ways to classify 

leaves, designed 

to use with a first-

hand investigation 

in which students 

classify leaves



The Roles of Text 

in Inquiry Science

Provide context Connect to the world

outside the classroom

Deliver content Read to learn about science

Model Demonstrate a process or disposition

Support secondhand investigations Provide data for students to interpret

Support firsthand investigations Provide information for investigations



Text and Inquiry

Provide 
context

Deliver 
content

Model Support 
secondhand 

inquiry

Support 
firsthand 
inquiry

1 Explore the topic X X X X

2 Ask a question X X

3 Make a hypothesis X X

4 Plan and conduct an 
investigation

X X

5 Record and organize 
data

X X

6 Analyze results X X

7 Make an explanation 
based on evidence

X X X X

8 Ask a new question X X

9 Communicate results X



Text and Learning Cycle

Provide 
context

Deliver 
content

Model Support 
secondhand 

inquiry

Support 
firsthand 
inquiry

Engage X X

Explore X X X

Explain X X X X X

Extend X X X X

Evaluate X X X



Authenticity in Science 

Deliver Content

Provide Context

Modeling

Supporting Second-

hand Investigations

Supporting Firsthand 

Investigations

Scientists read to learn 

findings

Scientists read to situate 

research

Scientists replicate others’ 

procedures and experiments

Scientists read and interpret 

others’ data and findings

Scientists use reference books



Common Approaches to Teaching Science

Discussions

Hands-On Experiences

Inquiry-Only Approaches

Writing

Reading

Text-Only Approaches

The Seeds/Roots Approach

Do It

Write  It

Talk It

Read It

Guiding Principle 2: 
Engage students through multiple learning 

modalities



 What did you get from reading that you 

couldn’t get from doing alone?

 What did you get from doing that you 

couldn’t get from reading alone?

Multiple modalities with sand 

activities…



Guiding Principle 3: Capitalize on 
Synergies Between Science and Literacy



 Learning the academic language of science 
means forming rich conceptual networks of 
words

 Word knowledge at its most mature is 
conceptual knowledge

 Words are labels for concepts and ideas

 Excellent vocabulary development is nearly 
indistinguishable from excellent concept 
development

Synergy 1: Words ARE Concepts





Words are Concepts

Recognition Definition Relationships Context Application Synthesis

Habitat

Habitat: the 

place where an 

organism gets 

the food, water, 

light, and 

shelter that it 

needs to survive 

A habitat has 

everything an animal 

needs to survive. 

The grassland habitat is 

windy with few trees.

Shelter Water

Food Light

Desert Forest

Shoreline

Habitat



All living things exist 

within habitats and 

have adaptations that 

allow them to survive 

in those habitats. No 

one habitat can 

support all living 

habitats.

If  we wish to 

maintain a terrarium 

in our classrooms, we 

should establish 

conditions that are 

consistent with the 

organisms’ natural 

habitats.



Which Words?Soil Habitats: Our original 

vocabulary candidates…

• absorb

• adapt

• adaptation

• bacteria

• basic needs

• brood pouch

• clay

• clitellum

• compost

• conditions

• decompose

• decomposer

• decomposition

• depend

• earthworm

• environment

• function

• habitat

• isopod

• leaves

• lifecycle

• living

• model 

• moisture

• mold

• nature

• nonliving

• nutrient

• nutrient cycle

• organism

• oxygen

• particles

• photosynthesis

• pillbug

• plants

• producers

• protect

• recycle

• relationship

• reproduce

• reproduction

• roots

• segments

• setae

• shelter

• soil

• sow bug

• stems

• structure

• survival

• survive

• temperature

• terrarium

• texture

• vitamins

• water retention





Which Words?

 A manageable number that are:

 High-utility in the discipline (and in school)

 Necessary for understanding target concepts and 

processes

 Taken together, important, related concepts





Which Words?

 Conceptually-core, unit-specific words

 Process/inquiry type vocabulary





Conceptually core words

 absorb

 adaptation

 behavior

 decompose/ 
decomposition

 decomposer

 depend

 earthworm

 habitat

 isopod

 moisture

• nutrient/nutrient cycle

• organism

• protect/protection

• reproduce

• root

• shelter

• soil

• structure

• survive/survival

• terrarium





Conceptual Networks

Organism

A habitat is where an organism lives and gets 

what it needs to survive.

Organisms have adaptations that help them survive in their 

habitats.

Adaptations are structures and behaviors that help 

organisms survive.

Habitat

Adaptations

BehaviorsStructures

Roots Roots are an 

example of a 

structural 

adaptation.

Organisms are living things, such as plants and 

animals.
Soil

Soil is a 

habitat for 

many 

organisms.

Most roots 

grow in 

soil.

Organisms called 

decomposers add 

nutrients to soil.


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Observe

Evidence

Model


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Observe

Evidence

Model

ExplainInvestigate


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Observe

Evidence

Model

ExplainInvestigate

Tools Record





Inquiry Words

 compare

 evidence

 explain/explanation

 investigate/investigation

 model

 observe/observation

 predict/prediction

 question

 record

 science/scientists





Teaching Words as Concepts

 Repeated opportunities for exposure and 
practice

 Teach words as networks of related concepts

 Teach words through text, talk, and 
experience





Scientific Language Everyday Language

conclude figure out

categorize, classify group

predict, infer guess, think

explore look at

observe, analyze, discover, see

demonstrate show

report, explain tell

explain tell, show

record write down

habitat home

evidence clues, proof

Science-Everyday





Teaching Words as Concepts

 Emphasize powerful science words

 beach, composed/composition, current, erosion, force, 

habitat, marine, material, nearshore, ocean, organism, 

predator, prey, protect, sand, seaweed, shore/shoreline, 

structure, survive

 Remember…
 Provide repeated opportunities for exposure and practice

 Teach words through text, talk, and experience

 Teach words as networks of related concepts





What strategies are shared between science 

and literacy?

 Comprehension and inquiry are the 

accepted meaning making strategies in 

science and literacy

 Comprehension and inquiry share goals 

and strategies

 The cognitive strategies are all about 

making meaning from experience

Synergy 2: Inquiry Strategies ARE 
Comprehension Strategies



Some Shared Strategies

Activating Prior Knowledge

Establishing Purpose/Setting Goals

Making and Reviewing Predictions

Drawing Inferences and Conclusions

Recognizing Relationships



Teaching Inquiry/Comprehension Strategies

 Select a strategy that has utility in science 

and in reading

 Pose questions and use terminology that 

invokes the use of the strategies when 

reading and when investigating

 Reflect on the similarity of these cognitive 

strategies



How do we know that these are really 

similar across science and literacy?

 First, we cede the point that the nature of 

the evidence is fundamentally different

 But…

 Can we see a fundamental cognitive similarity 

between the processes widely used in science 

and literacy?

 Can you use the same rubric to score 

activities in science and literacy





Can the same rubrics be used to evaluate 

student performance in both domains?



Making Predictions

0 Makes prediction with no apparent reasoning

1 Provides prediction supported by unrelated evidence

2 Provides prediction supported by related evidence

3 Is able to revise prediction to take into account 
additional evidence

4 Assesses the nature and quality of evidence



Evidence-based Explanations

0 Explanation does not refer to evidence

1 Cites some evidence to support explanation

2 Cites multiple pieces of evidence to support an 
explanation

3 Synthesizes evidence to create explanations beyond 
what the students have been taught

4 Assesses  the nature and quality of the evidence



What is the role of language in science?

 Science is all about language…but language is 

more than words. Science is a discourse involving 

ways of talking, writing, and being.

 Learning science includes learning the ways that 

scientists describe, explain, predict, synthesize, and 

argue

 Ways of communicating in science are different from 

those of everyday life

Synergy 3: Science is a Discourse



Teaching the Language of Science

 Instead of avoiding scientific terminology and 

register in classrooms, we embrace it

 Using science terminology in investigating, 

discussing, and writing about science --

because this is what scientists do

 Learning the language of argumentation



Bottom line

 Difficult journey

 Well worth the effort

 Improved literacy

 Improved science

 Increased efficacy for

 Students

 Teachers





Integration is tough…What happens 

when you try to integrate reading and 

math?

 The evolution of mathematics story 

problems during the last 40 years.





1960's

 A peasant sells a bag of potatoes for 

$10.  His costs amount to 4/5 of his 

selling price.  What is his profit?





1970's (New Math)

 A farmer exchanges a set P of potatoes with a 
set M of money.  

 The cardinality of the set M is equal to $10 and 
each element of M is worth $1.  Draw 10 big 
dots representing the elements of M.

 The set C of production costs is comprised of 
2 big dots less than the set M.

 Represent C as a subset of M and give the 
answer to the question: What is the cardinality 
of the set of profits? (Draw everything in red).





1980's

 A farmer sells a bag of potatoes 

for $10.  His production costs are 

$8 and his profit is $2.  Underline 

the word "potatoes" and discuss 

with your classmates.





1990's

 A kapitalist pigg undjustlee akires 
$2 on a sak of patatos.  Analiz this 
tekst and sertch for erors in 
speling, contens, grandmar and 
ponctuassion, and than ekspress 
your vioos regardeng this metid of 
geting ritch.

Author unknown





2000's

 Dan was a man.

 Dan had a sack.

 The sack was tan.

 The sack had spuds

 The spuds cost 8.

 Dan got 10 for the tan sack of spuds.

 How much can Dan the man have?





Reading and writing are better 

when they are tools not goals 
 If we donôt realign the current curricular imbalances, science 
and social studies may sufferé

 but ultimately reading and writing will suffer

 reading and writing are not about reading and writing in 
general

 they are about reading and writing particulartexts that are 
grounded in particular experiences

 they both depend upon the existence, the acquisition and the 
utilization of knowledge (note the comprehension revolution!)

 not knowledge in general but knowledge of particular 
disciplines, domains of inquiry, topics, patterns, concepts, 
and facts

 In short, the very stuff of subject matter curriculum!

NY Times, Tuesday, March 28, 2006




This is the model we don’t like

 Science

 Social Studies

 Math

 English Language Arts





A model we like: Tools by Disciplines

Science Social 

Studies

Mathe-

matics

Literature

Reading

Writing

Language





Early:  Tools dominate

Science Social 

Studies

Mathe-

matics

Literature

Reading

Writing

Language





Later: Disciplines dominate

Science Social 

Studies

Mathe

matics

Literature

Reading

Writing

Language





Weaving

math
literature

Social studies
Science

Reading

Writing Language





So what is the bottom line in the science-

literacy interface?

In any order and 

any 

combination…

In every order and 

every 

combination!

Talk it

Write it

Do it

Read it

Talk it

Do it

Write it

Read it





How to Ease the Literacy-Science Tensions in the Current 

Educational Context

 Literacy is eating up the 
school day-it has become 
the curricular bully

D

• Literacy doesnôt have to put 

science off the curricular stage-it 

can become a curricular buddy

Only a small phonological and 




